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本论文以钯(Pd)为主要的研究对象，以 Pd 的储氢为探针来研究 Pd 的结构（孪
晶结构、表界面结构等）对 Pd 性质的影响。同时对 Pd 基三元合金纳米材料进行
可控合成并研究了它的催化性质。主要内容概括如下: 
第一章简要综述了贵金属纳米晶的研究进展，阐明了选题依据和研究内容。 
第二章以 Pd 的储氢性质为探针，研究了五重孪晶结构对 Pd 性质的影响。五
重孪晶所具有独特的 2 维的晶格膨胀，使得 H 进入 Pd 的晶格之后只需将第三维
方向的晶格撑开，只需克服一维方向收缩应力，所以与 Pd 八面体单晶相比，Pd
的五重孪晶具有优越的储氢性质。此外，我们用水热法合成了尺寸为 10 nm 的
PdH 二十面体纳米粒子，在合成的过程中五重孪晶 Pd 自催化产生 H，在生长过
程伴随着表面吸 H 的过程，并使其稳定的储存在晶格里面，造成了晶格膨胀从
而导致 XRD 衍射峰的向低角度偏移。 
第三章阐述了表界面结构对 Pd 纳米晶性质的影响。通过助剂和晶面调控了
Pd 的表界面结构，研究了其对 Pd 储氢性质的影响。选用卤素离子(Cl— 、Br— 、 
I
— 
)作为助剂，它们在 Pd 表面上的特异性吸附改变了 Pd 的表界面结构，对常温
常压下储氢的性质影响极大。其中 I— 离子配位吸附能力最强，稳定 PdH0.706 的时

















方体比具有{111}晶面的 Pd 的八面体储氢时间要长。 
第四章通过水热合成法成功制备了花状、四角叉、削角八面体三种不同形貌


























Noble metal nanomaterials have received considerable attention as one of the 
vital research projects in nanoscience and nanotechnolody due to their remarkable 
properties, such as catalysis, electronic and optical properties. It is demonstrated that 
unique properties of noble metal nanocrystals (NCs) are closely related to their sizes, 
surface, composition, structures and so on. 
During the past decades, significant progress has been made in the shape 
controlled synthesis and application. Although research about the performance of 
noble metal nanomaterials with a specific surface, composition and size has made 
great progress, the studies on the properities of pentagonal cyclic twinned structure 
are few. Besides, it is still challengeing to synthesize the multicomponent metallic 
alloy nanomaterials.  
In this thesis, palladium (Pd) was chosen as the objects of study. The work  
focused on the influence of crystal structures (such as pentagonal cyclic twinned 
structure, surface interface structure and so on) on the properties of Pd, based on 
characteristic of hydrogen storage. Meanwhile, controlled synthesis of Pd based 
ternary alloy NCs and relevant catalytic properties were investigated. The main 
contents of the thesis are as following: 
Chapter 1. An overview of noble metal nanomaterials research has been briefly 
reviewed. My research signigicance and research project are also presented. 
Chapter 2. Based on hydrogen storage characteristics of Pd, the influence of 
pentagonal cyclic twinned (PCT) structure on the hydrogen storage property of Pd 
NCs was studied. Profiting from the intrinsic 2D lattice expansion, icosahedral PCT 
Pd NCs had superior hydrogen storage ability under ambient condition than 
octahedral Pd NCs. Furthermore, icosahedral PCT PdH NCs with an average size of 
10 nm were successfully prepared via a facile hydrothermal route. It was found that 
















resulting in the steady storage of hydrogen in Pd lattice. Thus, the shift of X-ray 
diffraction peaks attributed to hydrogen occupation in Pd lattice stably. 
Chapter 3. We studied the influence of surface and interface structure on the 
hydrogen storage properties of Pd, including surface adsorbents and crystals facet. As 
for surface adsorbents, halogen ions were chosed due to their well known specific 






were used as additive individually 
and compared. It was found that I
— 
was with the strongest effect with Pd and PdH0.706 
in the presence of I
— 
were the most stable one in ambient condition, while Cl
—
 hardly 
stablized PdH0.706 in ambient condition. As for the crystal facet, the experiment results 
have demonstrated differents facets were indeed effect the stability of PdH0.706. 
PdH0.706 formed from cubic Pd with {100} facet was much more stable than that from 
Pd octahedron with {111} facet.  
Chapter 4. Pt-Pd-Cu NCs with flower-like, tetrapod and truncated octahedron 
have been synthesized by a hydrothermal route. All three kinds of Pt-Pd-Cu alloys 
showed better activies than commercial Pt/C on the reaction of electro-oxidate formic 
acid. In addtions, we also investigated the activity of electro-oxidation of glucose. The 
results indicated Pt-Pd-Cu alloy nanocrystals are highly sensitive, fast response for 
non-enzymatic glucose sensor. 
 
 
Keyword: Pentagonal Cyclic Twinning; Hydrogen Storage; Shape-Controlled 



















§ 1.1 贵金属纳米材料概述 











































§ 1.1.2 贵金属纳米晶的结构特点 
 






Fig. 1-2 (a) The structure of hexagoal closest packing (hcp), (b) The structure of cubic 
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